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Abstract: The study objective was to assess predoctoral dental students’ experience with a caries risk assessment computer 
program in the pediatric dentistry clinic at Marquette University School of Dentistry. In 2005, spring semester sophomore dental 
students (class of 2008) were introduced to the caries risk assessment computer program “Cariogram.” The students received a 
fifty-minute lecture on caries risk assessment and a demonstration on how to use Cariogram in the clinic. After two years of clini-
cal exposure to Cariogram, sixty-six out of eighty senior dental students completed an anonymous eleven-item questionnaire on 
their experience with the tool. Each item on the questionnaire was scored on a five-point Likert scale with the exception of two 
questions. Full- and part-time faculty members in the pediatric dentistry clinic were involved in teaching and supervising students 
in the use of Cariogram for caries risk assessment after their training and calibration. Forty-five percent of the students who par-
ticipated in the study agreed that Cariogram was easy to understand, and 18 percent disagreed. Thirty-six percent felt that it was 
easy to apply, and 25 percent reported that it was useful in determining caries preventive procedures. The students reported that 
60 percent of full-time and 33 percent of part-time faculty were knowledgeable about Cariogram use. A majority of the students 
felt that Cariogram was not easy to understand, and eighty-two percent of them reported that they would not be using Cariogram 
in their private offices. Future studies should explore reasons why students do not feel inclined to use Cariogram as a caries risk 
assessment tool in their private practices even after being exposed to the tool in dental school.
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Numerous caries risk assessment (CRA) mod-els have been developed and implemented by dental institutions in Canada and the United 
States. A recent survey of Canadian and U.S. dental 
schools regarding the current status of teaching dental 
caries management found that 68 percent (forty-five 
out of sixty-six) included CRA in their clinical caries 
management curriculum.1 The education of predoc-
toral dental students in CRA is important because it 
is believed that it will encourage them as future dental 
practitioners to provide preventive and restorative 
care based on the best available evidence. In addition, 
it is important that students understand and embrace 
the concept of oral health promotion and the social 
determinants of oral health in the management of 
oral diseases.
In 2002, a caries risk assessment tool (CAT) 
was developed by the American Academy of Pediat-
ric Dentistry (AAPD) to promote the understanding 
and application of pediatric caries risk assessment 
in clinical practice.2 In 2003, caries management 
by risk assessment (CAMBRA) was developed by a 
consortium of dental-related organizations.3 This risk 
assessment tool is currently used in five California 
dental schools as well as in dental schools in Oregon, 
Washington, Arizona, and Nevada. 
The caries risk assessment computer program 
“Cariogram” was developed at Malmö University in 
Sweden.4 Cariogram includes information about the 
multifactorial background of dental caries using a 
graphic model. It illustrates the interactions of various 
interrelated caries risk factors in a simple way, with 
caries risk expressed as the percent chance to avoid 
new caries. The computer program also illustrates the 
extent to which these factors affect the chance for the 
disease to occur. Cariogram evaluation is based on 
the input of data that includes past caries experience, 
diet, oral hygiene, use of fluoride, and results from 
saliva analyses (mutans streptococci, lactobacilli, 
saliva buffering capacity, and secretion rate). These 
factors are scored based on a predetermined scale and 
entered into the computer program.4 Based on a built-
in formula, the program presents a pie chart in which 
bacteria appears as a red sector, diet as a dark blue 
sector, susceptibility-related factors as a light blue 
sector, and circumstances as a yellow sector (Figure 
1). The four sectors take their share of the pie, and 
what is left appears as a green sector and represents 
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the chance of avoiding caries. The dark blue sector 
“Diet” is based on a combination of diet contents and 
diet frequency. The red sector “Bacteria” is based on 
a combination of the amount of plaque and mutans 
streptococci. The light blue sector “Susceptibility” is 
based on a combination of fluoride ingestion, saliva 
secretion, and saliva buffer capacity. The yellow 
sector “Circumstances” is based on a combination 
of caries experience and related diseases. The green 
sector shows an estimation of the “chance of avoid-
ing caries.” The program generates an individualized 
report titled “preliminary interpretation and proposed 
measures,” which includes therapeutic strategies for 
prevention and risk reduction.
Cariogram as a caries risk assessment tool has 
been validated in several clinical studies.5-15 Hänsel-
Petersson et al.’s study on elderly adults demonstrated 
success with Cariogram in predicting the extent of fu-
ture caries.8 Holgerson et al. conducted a longitudinal 
study of ten- to eleven-year-old school children over 
two years and found that Cariogram predicted caries 
increment more accurately than any included single 
factor model.14 However, dental students’ perception 
of this tool as used in the development of a treatment 
plan for a patient in an academic setting has not been 
evaluated and documented. Information on students’ 
perceptions of a teaching tool such as the caries risk 
assessment is critical to its successful implementa-
tion in dental schools and its eventual use by dental 
practitioners in their private offices for patient care. 
The aim of this study was to evaluate senior dental 
students’ experience with and perceptions of Cario-
Figure 1. Example of a Cariogram pie chart for the evaluation of caries risk generated by axiUm at the pediatric den-
tistry clinic
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gram in the pediatric dentistry clinic at the Marquette 
University School of Dentistry.
Methods
In 2005, sophomore dental students (class of 
2008) at Marquette University School of Dentistry 
(MUSoD) were introduced to Cariogram in the spring 
semester. The students received a fifty-minute lecture 
on caries risk assessment and a demonstration of 
Cariogram as part of the pediatric curriculum. The 
sophomore dental students completed a case-based 
written examination regarding their knowledge and 
application of Cariogram. The training and calibra-
tion exercise for full-time and part-time faculty was 
done by the program director as part of a pediatric 
dentistry meeting specifically designed for this pur-
pose, with one hour dedicated to the presentation and 
one hour for questions. 
At MUSoD, dental students are allowed to 
provide direct patient care for adults and children in 
their junior year. Junior and senior dental students 
are assigned to the pediatric dentistry clinic one half-
session every other week for their entire junior and se-
nior years. When students are assigned patients, they 
are responsible for conducting initial examinations, 
treatment planning, and completing all treatments 
under the supervision of faculty. Faculty members 
routinely review Cariogram reports with students, 
and changes are made when appropriate along with 
explanations for modifying students’ caries risk as-
sessments. A preventive menu in accordance with 
risk status is explained to the patient’s parents, and 
a hard copy is given to the parents at the end of the 
appointment.
After two years of sophomore students’ clini-
cal exposure to the use of Cariogram, sixty-six out 
of eighty senior dental students (Class of 2008) 
completed a one-page anonymous eleven-item 
questionnaire on their experience with the caries risk 
assessment tool (Table 1). The questions used for this 
survey are similar to those used in an article by Nainar 
and Straffon.17 To avoid any coercion by faculty, the 
questionnaires were administered after the comple-
tion of their pediatric dentistry clinical rotation and 
the award of course grades. The students who did 
not participate in this study were either out on other 
rotations or had excused absences from school on the 
day the study was conducted. To avoid having small 
cell counts and for ease in description of findings, 
the students’ ratings of 5=strongly agree and 4=agree 
were combined into a single variable of agree. The 
ratings of 2=disagree and 1=strongly disagree were 
combined into a single variable of disagree; 3=neutral 
ratings were left intact. Descriptive statistics were 
performed on data collected using SPSS 15.5. This 
study was reviewed and approved by the Institutional 
Review Board at Marquette University.
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Results
Eighty-three percent (sixty-six out of eighty) 
of the senior dental students completed the survey. 
Males accounted for 52 percent of the respondents. 
Table 2 shows the percentage of students re-
sponding to the questions directly related to the ap-
plication of Cariogram in the pediatric dental clinic. 
On whether Cariogram was easy to understand, 45 
percent of the senior dental students agreed that it was 
easy to understand, 37 percent were neutral, and 18 
percent disagreed. On whether it was simple to apply, 
36 percent felt it was, but an almost equal percentage 
reported neutral (30 percent) and disagree (34 per-
cent). When assessing whether Cariogram was useful 
in determining preventive procedures for children in 
the clinic, only 25 percent reported that it was useful, 
and 40 percent did not think it accomplished that ob-
jective. When asked about the knowledge of full-time 
and part-time faculty regarding the use of Cariogram, 
the students reported that 60 percent of full-time and 
33 percent of part-time faculty were knowledgeable 
about use of the program. On whether both the full-
time and part-time faculty agreed with the caries risk 
assessment produced by senior students after using 
Cariogram, 52 percent of the students reported that 
both agreed with the results. 
When asked whether the students would like 
to see Cariogram implemented in the adult clinics, 
only 6 percent agreed while 84 percent disagreed. 
In addition, we asked whether students would use 
Cariogram in their private practices after graduation, 
and 82 percent reported that they would not use it. 
However, when asked if they would use some kind 
of caries risk assessment for children and/or adults 
in their private practice, 52 percent of students re-
sponded that they would. 
Discussion
Dental caries experience is concentrated in a 
segment of the pediatric population, with 80 percent 
of caries experienced in permanent teeth occurring 
in 25 percent of five- to seventeen-year-olds.4 This 
concentration of dental caries experience in a minor-
ity of children increases the urgency and need for 
the use of caries risk assessment in clinical practice. 
The pediatric dentistry clinic at Marquette Univer-
sity School of Dentistry had for two academic years 
(2003–04 and 2004–05) used a caries risk assessment 
tool developed by the American Academy of Pediatric 
Dentistry.2 At the start of the 2005–06 academic year, 
a decision was made to use Cariogram as the caries 
risk assessment tool in the clinic. The faculty recom-
mended Cariogram because the program provides a 
graph that describes different risk factors and offers 
an interactive and educational experience to both 
students and patients/parents. This graph is also a 
basis for discussions about risk factors and preventive 
strategies with patients/parents.
During the students’ pediatric dentistry clini-
cal rotation, they are expected to schedule all new 
and recall patients based on caries risk assessment 
using Cariogram. On average, the senior students 
used Cariogram seventeen to nineteen times during 
the two years of their pediatric clinical rotation at 
Table 2. Frequency distribution of dental students’ response to their experience with Cariogram, by percentage of total 
responses
	 Strongly	Agree/	 	 Strongly	Disagree/	
Description	 Agree	 Neutral	 Disagree
Easy	to	understand	 45	 37	 18
Simple	to	apply	 36	 30	 34
Useful	for	determining	preventive	procedures	 25	 34	 40
Full-time	faculty	knowledgeable	about	Cariogram	 60	 28	 12
Part-time	faculty	knowledgeable	about	Cariogram	 33	 40	 27
Faculty	agreed	with	my	rating	of	caries	risk	using	Cariogram	 52	 36	 12
Would	like	to	see	Cariogram	used	in	adult	clinic	 6	 10	 84
Will	likely	use	Cariogram	in	my	private	practice	 6	 12	 82
Will	likely	use	some	form	of	caries	risk	assessment	in	my	private	practice	 52	 18	 30
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MUSoD. The caries risk output from Cariogram has 
four levels: very high risk, high risk, intermediate 
risk, and low risk. However, students are taught to 
use the standard three levels based on available evi-
dence. Cariogram’s very high risk and high risk are 
described as high risk (standard level 1), intermediate 
risk as moderate risk (standard level 2), and low risk 
as low risk (standard level 3). Based on the available 
evidence, the following recall schedules for caries 
risk assessment were used at the pediatric dentistry 
clinic: nine to twelve months for low-risk patients; 
six to nine months for moderate-risk patients; three 
to six months for high-risk patients.16 However, the 
majority of patients attending the pediatric dentistry 
clinic at MUSoD are on Medicaid, which covers only 
two examinations per year. This made it extremely 
difficult to fully implement the prescribed recall 
system on some occasions based on the caries risk 
schedule stated. For this reason, we are currently in 
the process of negotiating with Medicaid to allow for 
appropriate recall based on caries risk assessment 
of patients. 
In our study, the percentage of students report-
ing that Cariogram was easy to understand was less 
than 50 percent. This result was somewhat surprising 
given that the students had been exposed to the tool 
for at least two years. However, it could also be a true 
reflection of students’ lack of interest in using Car-
iogram as a caries risk assessment tool. Our finding 
is in contrast to the survey conducted by Nainar and 
Straffon at the University of Michigan, in which 86 
percent of predoctoral dental students agreed that the 
AAPD’s caries assessment tool (CAT) was easy to 
understand.17 In addition, 76 percent of the students 
surveyed by Nainar and Straffon reported that CAT 
was simple to apply,17 while only one-third of our 
study population agreed that Cariogram was simple 
to apply. Although both tools are designed to assess 
caries risk, the results observed suggest that students 
felt more comfortable using CAT than Cariogram. 
The reasons why students prefer one caries risk tool 
to another cannot be addressed by this study. How-
ever, future studies should be conducted involving 
multiple dental schools to better understand senior 
dental students’ perceptions of the different caries 
risk assessment tools available.
The evidence for managing dental caries 
through surgical and nonsurgical approaches has led 
more dental schools to incorporate caries risk assess-
ment tools/protocols into their dental curricula. Most 
dental schools require that faculty be knowledgeable, 
trained, and calibrated in the caries risk assessment 
tool used at their school. At our study location, full- 
and part-time faculty members participated in a train-
ing and calibration exercise with the program director 
before Cariogram was implemented on the pediatric 
dentistry clinic floor. In our study, 60 percent of the 
senior dental students surveyed agreed that full-time 
faculty were knowledgeable about Cariogram. One 
interpretation of this finding is that more work needs 
to be done to improve the knowledge base of full-
time faculty on the use of Cariogram before it can be 
completely embraced by students. In addition, only 
one-third of the students agreed that part-time faculty 
were knowledgeable about Cariogram, further rein-
forcing the need for improvement of the knowledge 
base of both full- and part-time faculty on the use 
of Cariogram. Another interpretation of our finding 
could be that Cariogram as a caries risk assessment 
tool is not particularly user-friendly contrary to views 
held by investigators before it was implemented at 
the clinic. Furthermore, slightly over 50 percent of 
the students reported that faculty agreed with their 
caries risk assessment using Cariogram. Findings 
from this study demonstrate the need for adequate 
consultation, training, calibration of full- and part-
time faculty, and when possible conducting a pilot-
test with students before full implementation of 
Cariogram into the clinic.
In our study, 25 percent of the students agreed 
that Cariogram was useful for determining preven-
tive procedures. This is in contrast to findings from 
Nainar and Straffon’s study that reported 76 percent 
of the students found CAT useful for prescribing ra-
diographs and 84 percent agreed that it was a useful 
tool for determining preventive procedures.17 While 
validation studies of Cariogram have described it as 
effective in categorizing children and the elderly, the 
practicality of using it in caries risk assessment in a 
large clinical setting like a dental school’s pediatric 
dental clinic is called into question here based on 
findings from our study. The relatively low response 
by students to the usefulness of Cariogram for de-
termining preventive procedures in this study could 
also suggest that not enough time was dedicated to 
teaching the dental students about it since only an 
hour lecture was provided to the sophomore students 
before entering the clinic as juniors. 
The implementation of a practical caries risk 
assessment and management of caries as a disease in 
teaching and private practice environments are criti-
cal if we are to change from the traditional restorative 
mindset to a more preventive approach. Eighty-four 
percent of our respondents would not support the im-
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plementation of Cariogram in the adult clinic, and 82 
percent said they were unlikely to implement this tool 
in their private practices. In addition, 52 percent of the 
respondents reported they would use some form of 
caries risk assessment in their private practice. These 
findings reinforce the difficulties in the implementa-
tion of a caries risk assessment tool into a teaching 
environment and/or private practice as reported by 
others.18-20 Doméjean-Orliaguet et al. conducted a 
retrospective study at the University of California, 
San Francisco (UCSF) to evaluate a caries risk as-
sessment tool in an educational environment.18 The 
authors reported that while the content and useful-
ness of the caries risk assessment tool used at UCSF 
were validated, it also emphasized the difficulties of 
integrating such programs in an educational setting 
even with an extensive student didactic program and 
faculty training. Other studies have reported indirect 
evidence from dental claims data showing dentists’ 
unwillingness to incorporate caries risk assessment 
strategies in their practices.19,20 Our findings require 
further investigation given the importance and value 
placed on providing evidence-based dental care, 
which includes caries risk assessment. 
Our study should be considered in light of 
some limitations. First, the reported relatively low 
knowledge of part-time faculty in using Cariogram 
by students could create a potential bias in the minds 
of students about the usefulness and ease of use of 
the tool. Second, the non-inclusion of bacterial count 
of mutans streptococci and salivary flow rate in the 
implementation of the Cariogram tool could poten-
tially lead to students’ lack of interest in it. Third, the 
non-implementation of Cariogram in the adult clinics 
and community clinics where the senior dental stu-
dents also manage patients could potentially account 
for some of their responses. However, our findings 
suggest a need for a more comprehensive educational 
model in dental institutions trying to incorporate 
caries risk assessment into their dental curriculum. 
Marquette University School of Dentistry is commit-
ted to the implementation of a caries risk assessment 
system for its pediatric and adult patients. It should 
be noted that the results of this study prompted the 
curriculum committee of MUSoD to implement the 
caries management by risk assessment (CAMBRA)3 
as the main caries risk assessment tool in both the 
pediatric dentistry and the adult clinics beginning 
the 2009–10 academic year. However, Cariogram 
will continue to be used in both the adult and the 
pediatric dentistry clinics mostly as a teaching and 
discussion tool for students and parents. In conclu-
sion, the majority of the students felt that Cariogram 
was not easy to understand and do not intend to use 
it in their private offices.
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